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1.0 SUMMARY 

The overall aim of this study was to explore the use of high-resolution diffusion- 
weighted magnetic resonance imaging (MRI) to diagnose and predict prognoses of traumatic 
optic neuropathy in a controlled prospective study. Patients admitted to the University of 
Maryland Shock Trauma Center with clinical diagnosis of optic nerve injury were imaged at or 
near time of admission and again at 3 and 6 months post injury. Clinical and radiological 
information was assessed to determine injury, expected outcome, and outcome after 6 months. 
The intention of this study was to develop an analytical multivariate model in which patient and 
injury information could predict outcome at 6 months with single admission imaging 
characteristics (diffusion tensor imaging measurement of the optic nerve). 

Due to unexpected difficulties with enrollment, the study was only able to enroll two 
patients. These unforeseen difficulties included the critical condition of this patient population 
due to their associated traumatic brain injury. Transportation of the critically injured patient to an 
MRI scanner and performing a lengthy scanning procedure (approximately 40 minutes) for the 
sole purpose of research could not be justified. In addition, a significant number of patients with 
traumatic optic neuropathy had associated facial and orbital fractures. Management protocols at 
the Shock Trauma Center usually involve early facial fracture fixation with metallic plates (often 
in the initial 1 or 2 days). Performing MRI and obtaining diffusion tensor imaging sequences 
were not possible after fracture fixation due to the significant metallic artifacts around the optic 
nerves due to the close proximity of the hardware. Because of enrollment challenges, the study 
was terminated before enrollment goals were met. 
 
2.0 INTRODUCTION 
 

This report details the efforts of active recruitment, which began approximately 
1 September 2012, for the Traumatic Optic Neuropathy (TON) Study. 
 
3.0 BACKGROUND 
 
3.1 Traumatic Optic Neuropathy 
 

Traumatic optic neuropathy occurs from a number of mechanisms during combat injuries 
(blunt or penetrating): vasoconstriction of the optic nerve blood supply, shearing at the lamina 
cribrosa causing mechanical disruption, or a retrobulbar hemorrhage compressing the optic 
nerve. Optic neuropathy can also occur from hypotension. The data reported by Weichel et al. [1] 
of 523 consecutive globe or adnexal combat injuries, or both, sustained by 387 U.S. soldiers 
treated at Walter Reed Army Medical Center from 2003 to 2006 showed that of the ocular 
injuries treated, TON had one of the worst visual outcomes. TON remains a devastating problem 
that is a diagnostic and therapeutic challenge for both ophthalmologists and radiologists in spite 
of tremendous advances in magnetic resonance imaging (MRI) technology. There are no 
established imaging findings to diagnose this entity. Many patients who are clinically diagnosed 
with TON, however, appear to have normal imaging of the optic nerve on computed tomography 
and conventional MRI (so-called indirect TON) [2].  In fact, this limitation of conventional MRI 
warrants a strong need in this clinical context for further evaluation of the use of novel MRI 
techniques such as diffusion tensor imaging (DTI). With the potential of an increased number of 
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eye injuries (including TON) in the battlefield, a strong need exists to develop and evaluate MRI 
techniques such as DTI for early diagnosis and treatment of TON. 
 
3.2 Diffusion Tensor Imaging 
 

The ability to study the change in random motion of protons in water in vivo is the basis 
for diffusion-weighted imaging and DTI. DTI measures the signal change across multiple spatial 
directions and identifies the preferential directions of water diffusion, thus obtaining accurate 
measurements of water diffusion both longitudinally and transversely to optic nerve tracts. Such 
measurements are helpful in predicting axonal integrity, myelin disruption, and axonal swelling. 
Studies from our institution and others have established that reliable DTI data can be obtained 
from patients with acute spinal cord injury and that DTI measurements are more sensitive than 
conventional MRI in demonstrating the extent of spinal cord injury. 
 
3.3 Preliminary Studies 
 

No prior prospective studies have investigated the ability of DTI of the optic nerves to 
predict outcome in patients with TON. This powerful tool has the potential to provide valuable 
information beyond the spatial and anatomical resolution of conventional MRI regarding the 
integrity of optic tracts in TON and may help to predict outcomes including the degree of vision 
recovery. 
 
4.0 METHODS 

 
4.1 Patient Selection 
 

Sixty participants (35 TON patients and 25 controls) were expected to be enrolled in 12 
months from the University of Maryland Shock Trauma Center (STC) aged 17 or older. TON 
patients must have had a blunt or penetrating trauma and a clinical diagnosis of TON by an 
ophthalmologist. No participants could have any contraindications for MRI. Enrolled participants 
would be compensated $150 for completion of the follow-up visit. The study consented five 
participants (one expired, one withdrawn, 2 never imaged), with one captured TON volunteer. 
No follow-up visit was completed.  
 
4.2  Procedures 
 

Patients admitted to the STC with indications of head or face injury and potential optic 
nerve injury were imaged as part of standard of care with computed tomography at or near time 
of admission. The research staff members were notified of a potential patient once an 
ophthalmologist clinically diagnosed TON. The research staff determined eligibility on all 
participants using a standard of care MRI eligibility questionnaire prior to any diagnostic scans. 
Any medical conditions discovered that prohibited MRI scanning excluded participants from the 
study. All TON participants also underwent a 3- to 5-minute interview to collect information 
such as address and telephone numbers. This information allowed scheduled follow-up visits. 
The research staff scheduled the follow-up visits for the 3- to 6-month time point at an 
appropriate time. 
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Once study participants gave written consent for both the initial and follow-up visit 
diffusion-weighted magnetic resonance imaging (DW-MRI), the clinical staff organized and 
fulfilled the initial MRI before the patient was discharged from the STC. All participants had 
DW-MRIs performed, exclusively imaging the head/brain area. Each scan during MRI was as 
short as a minute or as long as 10 minutes.  High-resolution DW-MRI imaging [multi-shot echo 
planar imaging (RESOLVE) and spin-echo based techniques (BLADE-DWI)] obtained 
sufficiently high resolution and detailed imaging of the optic nerves.  
 
5.0 RESULTS 
 

Limited patient population produced inadequate study enrollment. This study was unable 
to find any significant results. 

Only one traumatic optic neuropathy patient was imaged. Representative images are 
shown below in Figure 1. 

 
Figure 1.  High-Resolution T2 Images from the First TON Patient Enrolled 
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6.0 DISCUSSION 
 

This study was unable to demonstrate how DW-MRI could diagnose and predict recovery 
from TON because of low enrollment. Medical and social factors led to an inadequate study 
sample. Patients coming in with extensive trauma to the head and face are at risk of sustaining 
TON; however, the major concern for the patients’ medical team is treating their primary 
injuries, which could include traumatic brain injury, facial fractures, or major orthopedic 
fractures. These treatment protocols include fixation with metallic plates or monitoring with 
metallic devices, which will eliminate them from obtaining MRIs.  The majority of patients with 
TON would have severe traumatic brain injury, and because of the participants’ likely altered 
mental status, obtaining consent from patients or their legally authorized representatives would 
be an obstacle.  

The specialized patient population of diagnosed TON creates a very small sample size 
and difficulty for enrollment. A way to expand that population size could be to include patients 
who do not have a clinical diagnosis of TON. Perhaps if the standard of care criteria of needing 
an ophthalmology consult is met, such as signs of major facial trauma involving swollen shut 
eyes, orbital bone fractures, and muscle entrapment, then justification of enrollment could see if 
diagnoses can be made. Follow-up visits could be a reason why patients would not want to 
commit to the research; having one initial MRI before discharge could make a viable study.   
Also, without a follow-up MRI required, patients whose facial fractures were repaired via 
fixation could be enrolled in the study. 
 
7.0 CONCLUSIONS 
 

No significant conclusions were reached.    
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